Scientific studies state that a considerable part of the economic value of crop plant production should be attributed to the free services of pollinating insects. Such calculations are available for several EU and North American countries, and the present paper evaluates the value of pollination services to 19 important Polish crop plants. It is estimated that the market value of 19 entomogamous crops reaches the sum of approx. 7.5 billion PLN (thousand million) (approx. 1.8 billion EUR), 39% of this may be attributed to the insect activities, the most important being bees (the service value of approx. 2.5 billion PLN/0.6 billion EUR) and dipterans (almost 0.3 billion PLN/ 74 billion EUR). The paper discusses also the challenges and pitfalls of similar estimations and the need for conservation actions directed on crop plant pollinators.
INTRODUCTION
Since 1990-ties there has been much debate in the scientific literature on the so-called pollination crisis, phenomenon which involves many plant species, including the most important for human economy crop plants (B u c h m a n n and N ab h a n , 1996; K e a r n s et al., 1998) ) and theoretical models (K e v a n and P h i l l i p s , 2001) show that it may have serious consequences for world economy, since it is estimated that in Europe, for instance, almost 85% of crop plants relies on insect pollinators (W i l c o c k and N e i l a n d , 2002).
First step in estimations and/or anticipations of economic consequences of pollination crisis is to quantify the value of services of the whole pollinator entomofauna or particular insect species. Such attempts have already been undertaken for the world economy (R i c h a r d s , 1993; C o s t a n z a et al., 1997) and for several national markets, for instance USA (R o b i n s o n et al., 1989; B u c h m a n n and N ab h a m , 1996; M o r s e and C a l d e r o n e , 2000) or the UK (C a r r e c k and W i ll i a m s , 1998). So far the only estimation of this kind for Poland, known to the authors of the present paper, is the work by B a n a s z a k and C i e r z n i a k (1995), who dealt with economic aspects of pollination of alfalfa, apple, buckwheat, red clover, and oil rape. The aim of this paper is to estimate the value of pollination services carried by various insect groups on selection of 19 widely grown important crops in Poland.
Researchers trying to quantify precisely the scale of pollination crisis usually meet major methodological problems arising from the species biology. For instance, it is said that more than one third of the world crops is directly or indirectly dependent on the pollination by honeybee (W i l l i a m s , 1995). However, this species is not a sole pollinator available, and its effectiveness is quite controversial (We s t e rk a m p , 1991; B u c h m a n n and N a b h a n , 1996; A l l e n -Wa r d e l l et al., 1998; K e a r n s et al., 1998; W e s t e r k a m p and G o t t s b e r g e r , 2001). Several authors for example compared the pollination effectiveness of honeybee and wild bees, and indicated the superior services of the latter (W e s t e r k a m p , 1991; W i l s o n and T h o m s o n , 1991; V i c e n s and B o s c h , 2000; S t a n g h e l l i n i et al., 2002).
General estimations state that 73% of all crops are pollinated, at least partially, by bees (Apoidea, including honeybee), 19% by different dipterans, 6,5% by bats, 5% by wasps, 5% by beetles, 4% are ornithogamous, and 4% are pollinated by butterflies and moths. According to these numbers, honeybee is a dominant pollinator of only 15% of world crop plants (B u c h m a n n and N a b h a n , 1996; I n g r a m et al., 1996).
One may also add here that many of these species, maybe even majority (at least for Europe), for instance fruit trees of Rosaceae or umbelliferean vegetables, are promiscuous in terms of pollination biology, which means they are visited and pollinated by numerous and diversified groups of insects. In consecutive seasons, such pollinator assemblage may fluctuate in terms of its quality and quantity, which may be caused by weather conditions or other abiotic and biotic factors. Apart from that, great deal of pollination data is based on visitation indices, and not on actual observations of plant biology and ecology, and only experimental studies may truly indicate the importance of particular flower visitor (W i l l i a m s , 1995; B u c h m a n n and N ab h a n , 1996; W a s e r et al., 1996; J o h n s o n and S t e i n e r , 2000; P e l l m y r , 2002; F e n s t e r e t al., 2004). In most of cases, we even do not now how many potential pollinators are there. Consider Europe, the best researched region of the world, and the fact that we are still unable to count local bee species, there are probably 2.000-4.500 of them here (W i l l i a m s , 1995). Other insect groups are even less studied. More or less complete data is only present for the honeybee. This situation is due to logistical and statistical reasons: it is easier to count or estimate the number of colonies of A. mellifera in any of the world regions than any other pollinator. We sometimes also underestimate abiotic factors contributing to pollination of crops, traditionally regarded entomogamous (e.g. oil rape). This all means that our knowledge in this field is less than basic and more studies are necessary.
MATERIAL AND METHODS
There are approximately 300 crop plant species in cultivation in Poland (CO-BORU, 2005; W. Podyma, pers. inf.), and over 60 of them need to be insect pollinated in order to set fruit and/ or increase the yield (B a n a s z a k and C i e r z n i a k , 1995). For the present estimation, we chose 19 major entomogamous or mostly entomogamous crops for which data on yield production and crop value is available (Table 1 and 2).
Based on literature survey (references are given in Table 1 ), we assessed pollinator entomofauna of the selected plants. Unfortunately, most of available information comes from apicultural observations, which concentrate on A. mellifera, and other insect visitors, usually wild bees, are treated as other pollinators without detail information on their importance. Even in case of honeybee its effectiveness is usually assessed based on flower visitation ratio, and the information on pollen pickup and deposition is lacking. For these reasons, we did not attributed the value of pollination service of honeybee and other bee species to particular taxon, but to bees sensu lato, which includes A. mellifera, Bombus spp. and other wild bees.
Then, using statistical data, we assessed the money value of selected crops yield (state for the year 2004) and attributed that to the service of particular group of pollinators. For doing this, the money value of the crop was multiplied by the weighted need of insect pollinator factor (following OGrady, cited in R o b i n s o n et al., 1989), which comes into three values: low (0.1), medium (0.5) and high (0.9), and indicates the dependency of particular crop yield on pollinator activity (Table 1) . This is based on published insect dependency levels of plants (W i l l i a m s , 1994; C a rr e c k and W i l l i a m s , 1998) and indicates the importance of insect pollinators activity for the plant yield and\or propagation of the next generation. For instance, the need for insect pollination for cucumber (C. sativus) and carrot (D. carota) is scored as high (0.9) because for both crops the activity of insect pollinators is an indispensable condition of fruit and seed set required either as a crop yield itself and source of seeds (cucumber), or for propagation of the next generation of the crop (carrot).
RESULTS
Based on published studies and observations (references given in Table 1 ), the yield of six of the studied crops (Beta vulgaris sugar beet and root beet, Brassica napus, B. rapa, F. ×ananassa, Rubus idaeus) was assumed as low-dependent on insect pollination, six (A. cepa, L. esculentum, P. domestica, P. communis, R. grossularia, Ribes spp.) as medium-dependent, and seven (B. oleracea cauliflower and cabbage, C. sativus, D. carota, M. domestica, P. avium, P. cerasus) as highly-dependent on insect pollination.
In most of cases plants depended exclusively or mainly on bees as pollinating agents, with the exception of A. cepa and D. carota where other insect groups were also important pollen vectors Diptera in case of A. cepa, and Diptera and Coleoptera in case D. carota. Coleopterans were also involved in pollination of B. oleracea (Table 1) .
Based on statistical data for 2004, the crop yield value for 19 selected plants was calculated for over 7.5 billion PLN (thousand million PLN), with the highest scores for sugar beet (almost 2.5 billion PLN), B. napus/B. rapa (almost 1.5 billion PLN) and M. domestica (almost PLN 0.9 billion PLN), and the lowest for R. grossularia (approx. PLN 50 million) ( Table 2) . 
DISCUSSION
The value of the plant yield from 19 crops selected for the present study was estimated for over 7.5 billion PLN, and over 39% of this sum may be directly attributed to the service of pollinating insects. This means that solely for these crops, the free pollinator service brings the Polish economy almost PLN 3.0 billion each year, the sum comparable to approx. 20% of the state budget expenditures in the 1 st quarter of 2005 (Ministry of Finance, 2005) or the value of twelve new F-16 planes. The most important share (approx. 85% of yield value, which is PLN 2.5 miliard) comes from the activity of bees, this number is not far from the estimations of B u c h m a n n and N a b h a n (1996), and I n g r a m and co-workers (1996) , which state that 73% of world crops is pollinated by these insects, although these authors calculations are based on species number, and not the crop value. The same value range may be shown for Diptera (10% crop value for Poland, and 19% world crop plants pollinated by flies) and Coleoptera (4.9% crop value for Poland, and 5% world crop plants pollinated by beetles).
The biggest challenge in similar estimations is an assessment of the importance of particular insect visitor. In many cases literature on crop pollination describes honeybee as a principal pollinator. This data is however based on apicultural research which, by definition, are focused on A. mellifera. Such observations usually include visitation frequency or analyses of the corbiculae loads, and this kind of data may be misleading. Different studies proved that in many cases the most numerous visitors are the least important pollinator, and visitation frequency should be treated as one (not the most important!) of the factors of pollinator effectiveness (W a s e r et al., 1996; J o h n s o n and S t e i n e r , 2000; P e l l m y r , 2002; F e n s t e r e t al., 2004). In this context, honeybee may be regarded a very ambiguous pollinator (an ugly pollinator as termed by some authors). It is very efficient in pollen pickup, but it does not transfer it to other plants (W e s t e r k a m p , 1991; W i l s o n and T h o m s o n , 1991), either because the pollen packed in corbiculae is not available to further pollinations (P a r k e r , 1981; B u c h m a n n and N a b h a n , 1996) or due to honeybee preferences for male phase flowers of dichogamous or dioecious species (G o u l s o n , 1999; and lit. cited.), which is condition sine qua non of effective pollination. Some other bee species may also behave in similar manner, for instance, studies of Campanula rapunculus showed that the consumption of pollen by Chelostoma bees covers 95% of the total pollen production of this species, for pollination only about 4% is left (S c h l i n d w e i n et al., 2005). Such insects, similarly to honeybee, may also prefer one sexual form of flowers (L a u and G a l o w a y , 2004; and lit. cited). The latter has also been showed for some Syrphidae (Z y c h , 2003) . Detail analyses of flower visitor importance are available for minority of crop species and wildflowers, and our knowledge is based on fragmentary observations, which does not allow precise generalizations and true evaluations of the pollination agents.
Apart from economic, from the present paper one may also draw important conservation conclusions. If we extrapolate that almost three quarters of entomogamous crop plants is pollinated by bees, these insects should be of special care in any of the national conservation issues or programs. Of course, some of this number may be attributed to managed A. mellifera, but definitely a considerable part of the pollination services is conducted by numerous wild bees. It was indicated by several authors (e.g. B a n a s z a k , 1992; W i l l i a m s , 1995; B u c h m a n n and N a b h a n , 1996; I n g r a m et al., 1996, A l l e n -Wa r d e l l et al., 1998; K r e m e n and R i c k e t t s, 2000 and lit. cit.) that these insects are under particular strong human pressure. In Poland, due to diversification of agricultural landscape, their situation seems to be stable (B a n a s z a k 1992), in Western European or North American countries however populations of wild bees suffer from modern agricultural techniques and urbanisation (e.g. S t e f f a n -D e v e n t e r and T s c h a r n t k e , 1999; R i c h a r d s and K ev a n , 2002; de R u i j t e r , 2002; W i l l i a m s , 2002; K r e m e n et al., 2003) and the problem of under-pollination is probably one of the most important to be taken into account in future directions of agricultural sciences and conservation practices.
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